Background: Measurement of intervention fidelity is an essential component of any scientifically sound intervention trial. However, few papers have proposed ways to integrate intervention fidelity data into the execution of these trials.
I
ntervention fidelity (also called treatment fidelity, implementation fidelity, research integrity, and adherence to protocol) is a central component of any well-developed and executed clinical trial (Bellg et al., 2004; Breitenstein et al., 2010; Carroll et al., 2007; Resnick et al., 2005; Santacroce, Maccarelli, & Grey, 2004; Sidani & Braden, 2011) . Intervention fidelity refers to the processes used to ensure that research interventions are delivered as planned, and thus, any treatment effects found (or not found) are due to the intervention and not alterations in study execution. Intervention fidelity requires attention to the study design, development of an intervention manual, training of all research staff, and measuring the consistency with which the intervention is delivered and received by the study participants (Resnick et al., 2005) .
The idea of measuring intervention fidelity has been around for more than 35 years (see Gearing et al., 2011 , for a comprehensive review); however, few papers discuss what to do with fidelity data once collected. Consequently, considerable time, effort, and money are spent measuring intervention fidelity; however, the usefulness of these data often remains elusive. Thus, many researchers simply report their intervention fidelity findings as an outcome variable or an assessment of how well the researchers did at executing their study. Instead, greater emphasis needs to be placed on monitoring drift (a gradual change during a trial in how the intervention and control conditions are implemented) at specific time points throughout the trial, providing feedback to the research team to correct this drift, and using the intervention fidelity data as a variable in the final analysis. The purpose of this brief report is to advance these ideas about intervention fidelity using processes and data from the Parent Education Through SimulationDiabetes (PETS-D) study (Sullivan-Bolyai et al., 2015) as an example.
THE EXEMPLAR: PETS-D
PETS-D was a randomized, controlled trial to examine the efficacy of a human patient simulator as an additive education strategy to teach parents with young children newly diagnosed with Type 1 diabetes (T1D) about management of this condition (Sullivan-Bolyai et al., 2015) . For example, parents in the intervention group were able to experience a simulated seizure with administration of a glucagon placebo to the simulator compared with the control group parents who were taught about seizures but did not have the hands-on experience of simulating seizure management or administration of glucagon. The self-regulation intervention was theory-based (Sullivan-Bolyai et al., 2014) and involved three education sessions conducted at baseline, 1 month, and 3 months that covered basic T1D management survival skills, including recognizing and treating hypoglycemia (Session 1), sick day management, hyperglycemia and nutritional issues (Session 2), and day-today management, including blood glucose pattern recognition (Session 3). The control condition included presentation of the same three vignettes by a certified diabetes educator, but without the use of a simulator. All study participants received standard of care diabetes education. The intervention and control condition was delivered by two different certified diabetes educators at each site. All of the diabetes educators used the same formalized teaching vignettes outlined in the protocol manual. Parents were recruited for the study at the time of their child's initial T1D diagnosis. All procedures related to this study were approved by the institutional review boards at both study sites. Procedures and primary findings from the study are described in Sullivan-Bolyai et al. (2014 , 2015 . Table 1 outlines the components of the PETS-D intervention fidelity monitoring plan, the planned analyses and lessons learned about this process. Because a major component of intervention fidelity is research team orientation and training in protocol implementation, the research team had study initiation and monthly training sessions throughout the conduct of the clinical trial. These sessions included training in the importance of intervention fidelity, including maintaining fidelity to the manualized intervention and control conditions, the reasons why we measure intervention fidelity, and the different ways that intervention fidelity was being measured in the PETS-D study. Education sessions specific to intervention fidelity were held four times during the conduct of the trial.
PETS-D Intervention Fidelity
Intervention fidelity was measured as a continuous process in several ways: (a) direct observation of 10% of the sample for both the intervention and control condition at both sites by a nurse observer not involved in data collection; (b) measurement of attendance at each session by site, by treatment group and by educator; (c) diabetes educator self-report of delivery at each participant visit; and (d) study participant (parent) receipt of information at the conclusion of their study participation. We chose direct observation over video-or audio-taping the sessions based on feedback obtained from parents during our pilot work in which they indicated that a nurse observer would be the most acceptable and the least intrusive method.
The PETS-D research team set several intervention fidelity goals or benchmarks, which included achieving (a) consistent delivery of the intervention and control group education Topic not covered at one site was related to ketones. c Glucagon and pattern management was low early in the study and corrected over time.
sessions (per the protocol manual) by observation; (b) no significant differences in the time spent delivering the intervention and control teaching conditions; (c) an average of 2.5 teaching visits attended (intervention/control dose) by study participants (out of a possible 3 visits); (d) high attendance rates (100% for Session 1, 80% for Session 2, and 75% for Session 3) and no significant difference in attendance rates by group assignment; and (e) high-level receipt (90% coverage) of the education materials by parental self-report. To emphasize intervention fidelity as a continuous process, evaluation of these data was planned after 50%, 75%, and 100% of the sample were enrolled into the study. In this way, we could observe problems with drift during the study and provide feedback and training sessions that could address any issues at critical time points rather than waiting until the end of data collection when it would be too late to make changes.
There were several important challenges to intervention fidelity. The study was conducted at two different research sites with multiple nurse diabetes educators and study teams with somewhat different practice styles. Although these differences were viewed positively as closely reflecting real-world practices, it was necessary to measure intervention fidelity as a continuous process to maintain rigor. In addition, because of the anticipated differences in practice styles, it was important to measure variability in the control condition to assess whether this remained stable over time between the two sites. We believe that there is often variability in the control condition that goes undetected in many intervention studies when investigators fail to measure fidelity to all conditions. Bellg et al. (2004) stressed the importance of including measures that ensure the same treatment dose across all conditions but fell short of specifying that this includes the control or usual care condition.
PETS-D INTERVENTION FIDELITY MEASURES Intervention Fidelity Observation Form
The observation form was developed for this study by the research team and included subject ID, initials of the interventionist and the observer, date of intervention, group assignment, which session was observed (there were three different sessions), and four items measured on a 4-point scale (from 0 = none to 3 = high level of intervention fidelity). The items measured the consistency with which (a) information was covered according to the study manual, (b) skills were covered according to the manual, (c) the simulator was used as planned in the intervention group, and (d) the simulator was used when responding to parent questions in the intervention group. For the control condition, the last two items measured responsiveness to parent questions and evidence of positive interactions between parents and educators rather than interactions using the simulator. Thus, the possible total scale scores ranged from 0 = no intervention fidelity to 12 = a high level of intervention fidelity for both intervention and control conditions.
Diabetes Educator Documentation Forms
The Diabetes Educator Documentation (DED) forms were developed by the research team to capture the most salient aspects of the education sessions for both the intervention and control conditions. The DED forms captured the time spent teaching (in minutes), the session number, the content covered (hyperglycemia, hypoglycemia, sick day management, and pattern management), and the technical skills practiced (glucose checks, drawing up and administering insulin, and glucagon administration). The DED forms were completed by the diabetes educators after completion of each intervention and control session.
Parental Receipt
Parental receipt of T1D content was evaluated using a 23-item, investigator-developed questionnaire. The 23 items measure the main content covered by the intervention and control group education sessions (hypoglycemia, nutrition, and hypoglycemia management). Each item was rated on a 3-point scale: 0 = not covered, 1 = covered somewhat-but would have like more information about this, or 2 = covered completely. Therefore, the possible scale scores ranged from 0 = no content covered to 46 = all content covered completely. Parents completed this form at the completion of the study. Reliability for the 23-item scale score responses estimated using Cronbach's alpha was .93.
Data Analysis
Chi-square tests for independence and t-tests were used to examine differences between the intervention and control groups for the intervention fidelity measures. When appropriate, differences by study site were also evaluated. SPSS version 22.0 was used to analyze these data
PETS-D FIDELITY RESULTS

Sample
The sample included 191 parents of 116 children newly diagnosed with T1D. (Both parents could participate in the study, and they were assigned to the same treatment group after the index parent serving as primary caregiver was randomly assigned.) Most of the study participants were mothers (n =114; 59.7%) who were married or living with a partner (n =153; 80.1%), White (n =165; 86.4%), employed (n =145; 75.9%), and with a high school or greater education (n =156; 81.7%). The average age of the parents was 38.0 years (SD =7.3). The average age of the children at diagnosis was 9.0 years (SD =4), with 28 children (24%) under the age of 6 years.
Observation
Twenty-one direct observations were conducted, distributed over the three education sessions (Session 1: five observations; Session 2: seven observations; Session 3: eight observations), and included both the intervention and control conditions. Scores ranged from 8 to 12, indicating a high level of observed intervention fidelity. The mean observation scores were 11.0 (SD = 1.1) for the intervention and 11.0 (SD = 1.3) for the control condition. There were no significant differences in observation score by rater, session, research site, or group assignment.
Delivery and Attendance
Tables 2 and 3 depict results from the intervention fidelity measures over the three planned time points. These data were further broken down by site (Tables 2 and 3 ) and session (Table 3 only) to identify any issues with the delivery of the intervention and control conditions. Results revealed that there was a significant difference in the time spent teaching, with the intervention group taking more time. This finding was consistent at all three time points, suggesting that the use of the human patient simulator required more time to complete the education session. Our observations suggested that the time difference was partially due to the time needed to (a) work the simulator, (b) provide parents instructions about how to interact with the simulator, and (c) respond to additional questions posed by parents in response to participating in simulated instruction. This time spent teaching variable was subsequently used in the major study analysis (Sullivan-Bolyai et al., 2015) to evaluate the study outcomes but did not significantly alter the study findings.
The mean number of teaching sessions attended did not differ by assignment or site (Table 2) . However, the actual attendance rate by site and session was significantly different by site for Sessions 1 and 2 at Time Point 1 and Session 1 at Time Point 2 (Table 3) . Because of these findings, we worked with the study teams to identify and implement strategies to improve attendance at all sessions. Ultimately, the attendance rate at completion of enrollment was no longer significantly different, which suggested that reinforcement and continued training throughout the study was helpful in achieving this goal.
Receipt of Educational Content
Of the 191 subjects enrolled in the study, 65% of the subjects (n = 124) completed the parental receipt forms. Those who completed the forms were not significantly different from parents who did not complete the form, based on gender, age, or education. The average total parental receipt score was similar for both treatment and control groups (M = 42.3, SD = 6.1; M = 41.4, SD = 5.0; p =.44), and scores indicated a high level of treatment receipt (possible range: 0-46). Table 4 illustrates the responses to the individual receipt items by treatment Note. Significant findings from t-tests are marked. B = both sites combined; C = control; I = intervention; IF = intervention fidelity; T1 = time point 1 (50% enrolled); T2 = time point 2 (75% enrolled); T3 = time point 3 (100% enrolled). *p < .05. **p < .001. Note. Significant findings from chi-square tests are marked. C = control; I = intervention; IF = intervention fidelity; T1 = time point 1 (50% enrolled); T2 = time point 2 (75% enrolled); T3 = time point 3 (100% enrolled). *p < .05.**p < .01.
group. Chi-square analysis revealed no significant difference by group for any of the parental receipt items. Although some of the receipt skills were lower than desired (e.g., side effects of glucagon, symptoms associated with acidosis, evaluating blood glucose patterns, and correcting glucose patterns onside the range), in general the four diabetes educators did an excellent job of covering the topics in the manual for both groups on a consistent basis over the duration of the trial.
IMPLICATIONS
The findings from this exemplar suggest that intervention fidelity was successfully achieved for this clinical trial. However, this statement does not reveal the complete picture. The truth is high-level fidelity was accomplished with considerable forethought, effort, feedback, and reinforcement. After each time point analysis, we met with the study team and shared the findings. We then strategized about ways to improve the fidelity to the manualized intervention. It is our opinion that intervention fidelity is most useful when it is used as a continuous process and evaluated at key time points during the study and data are shared with the research team to keep everyone on track. In addition, variables captured by intervention fidelity processes that vary significantly should be used in the main analysis to examine the effect of these differences on treatment outcomes. For example, in our study, we included the mean duration of time spent teaching for the intervention and control conditions in the main analysis of trial data (Table 2 ; see also Sullivan-Bolyai et al., 2015) . Our experience also suggests that parent reports of treatment receipt and the documentation of the diabetes educators (the interventionists) were the most helpful data for deciding on training issues throughout the course of the trial. The independent observations were less useful for this purpose, probably because the interventionists were fully aware of our presence and the scores varied little. However, the independent observations were very helpful for understanding the complexities of delivering the intervention and control conditions on a day-to-day basis and the need for tailoring the delivery of content in this type of trial. As suggested by Perrin et al. (2006) , when conducting research in clinical settings, it may be necessary to be flexible and adapt the intervention to address different types of patients and cultures. Consequently, intervention fidelity assessments need to be malleable within the scope of protocol standards.
the idea of monitoring all treatment conditions, including the control group with the same rigor as the experimental condition. In this way, researchers can account for variability that may occur over time, as well as between interventionists and research sites. Finally, including key intervention fidelity variables in the main study analysis will add to precision with which we evaluate nursing interventions in the future.
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